Novel zipper-like filamentous structures (3-10 run in diameter) were located in the central part of the processes of the interdigitation area of the granular convoluted tubule cells of rat submandibular gland. The zipper-like filamentous structures were composed of center-line-like and cross-tie-like structures, the latter being situated at intervals of 6.6-16 nm. These zipper-like filamentous structures may play a role in maintaining the configuration of the processes.
As a form of intercellular junction, interdigitation is often observed between epithelial cells, such as the proximal tubule cells in mouse kidney" and the striated duct cells of mouse and rat parotid glands. 23 ' It is believed that interdigitation is Involved in the movement of water and/or electrolytes. 21 The intracellular cytoskeletal structure of the interdigitation area is thought to be closely related with the physiological function of the processes. However, there have been no investigations as to the ultrastructural features of this structure. It has not been confirmed whether or not interdigitations have cytoskeletal structures similar to those in the luminal processes such as microvilli. It appears necessary to show the intracellular cytoskeletal structure to discuss the functional significance of interdigitations.
In rodents, part of striated ducts exist as convoluted granular tubules featuring prominent interdigitations and numerous secretory granules. The accuracies of the filamentous structures of the cytoskeleton and the fine structures within the processes in the interdigitation area of these cells have not been investigated to the extent of the processes in other types of cells.
In this experiment, filamentous structures in the processes of the Interdigitation area of ductal cells in the rat submandibular gland were examined. Because actin filaments tend to break up into short wavy or globular fragments by chemical fixation, 4 ' the author used the freeze dual-substitution fixation technique, 56 ' which is capable of fixing cell forms in nearly alive state, and therefore allowed observation of structures that could not have been preserved by conventional chemical fixation. With this technique, the author observed zipper-like filamentous structures in the cell processes of the interdigitation area of the convoluted granular tubule cells in the submandibular gland of adult rats.
MATERIALS AND METHODS
Twelve adult male Wistar strain rats (250-300 g, 4-months-old) were used in this study. The rats were starved for 24 h and given water ad libitum. Following anesthetization by intramuscular injection of ketamine, the submandibular glands were removed. Small tissue blocks of the submandibular gland were smashed on a copper block cooled with liquid helium for 30 s at -2 69°C. 7) Thereafter, the quick-frozen tissue blocks were transferred into liquid nitrogen. Some of the frozen-fixed blocks were substituted in parafonnaldehyde-acetone mixture (absolute acetone with floating parafonnaldehyde powder) for 48 h at -79°C. Several additional blocks were post-substituted in 2% osmium tetroxideacetone for an additional 48 h at -79°C. 5 -6 ' All frozen substituted blocks were washed with absolute acetone three times at room temperature, washed again with propylene oxide and then embedded in araldite. Each specimen was sectioned by LKB 8800 ultramicrotome, stained routinely with uranyl acetate and lead citrate, and observed using a Hitachi H-800 electron microscope.
RESULTS AND DISCUSSION
The interdigitation area was prominent on the lateral side of convoluted granular tubule cells. Zipper-like filamentous structures (3-10 nm in diameter) were observed in cell processes of the interdigitation area of the convoluted granular tubules (Fig. 1A) in a plane where a process was cut parallel to its long axis. The zipper-like filamentous structures (Figs. IB, 2) appeared to be different from the so-called 10 nm filament, 4 ' either in arrangement or location within the process. Intermediate filaments were observed running singly, in loosely arranged bundles in the subplasmalemmal region of cultured cartilage cells and fibroblasts. 41 The zipperlike filamentous structures were composed of two parts; a center-line-like structure that appeared as a dotted line and cross-tie-like filamentous structures (Fig. 2) . The cross-tie-like filamentous structures were associated with the membrane of the digitating cell processes and ran at a right angle toward the center-line-like structure in each process. The cross-tie-like filamentous structures were situated at intervals of 6.6-lfSnm (Fig. 2) . A part of the zipper-like filamentous structure appeared to be connected with the process membrane in the tangential or oblique section (Fig. 3) . A schema of the zipper-like filamentous structure in the interdigitating process is shown in Fig. 4 .
The presence of thin filaments ( 3-10 nm in diameter) has been reported in the pituitary gland that links the secretory granules with adjacent granules and with cell membrane.
lSI However, this is the first report on the existence of thin filaments (3- 10nm) showing a zipperlike filamentous arrangement. So far the zipper-like filamentous cytoskeletal structures have been observed exclusively in the ductal epithelium of the rat submandibular gland.
Parks 21 reported that the interfoliating and interdigitating processes of the striated duct cells located at the basal surface were accentuated by numerous small secondary processes given off by the larger processes. He believes that the processes were associated with water and/ or electrolyte transport across the membrane in a preferred direction. Similarly, the interdigitated processes of convoluted granular tubule cells may function to Increase the surface area of cell membrane for water and/or electrolyte transport, and the zipper-like filamentous structures therein may serve as a mechanical framework to support formation of the process.
The chemical nature of the zipper-like filamentous structures (e.g.. actin, vimentin, and/or desmin) remains to be identified in future studies.
